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FOREWORD

A summary report of the work of the 1950 season of the Juneau Ice
Field Research Project is given in the following pages. It is the third
in a series of quantitative field contributions to the integrated long-
range study of the Juneau Ice Field.

During this season, the glaciological investigations conducted in
19L8 and 1949 were extended and some new and specialized research under-
taken pertaining to the physical character of glacier ice and its snow
and firn cover. A few of the climatological, geomcrphological, and
ecological investigations were continued and the network of local triangu-
lation stations was enlarged and the previous ground control refined.
Additionally, in the glaciological and meteorological program, a few
reconnaissance investigations were conducted to help in planning future
special research on the ice field.

The primary purpose of this report is to present the basic scientific
data resulting from this season of field work together with representative
charts and diagrams and sufficient discussion to make them meaningful for
current use. Some preliminary interpretations are made to provide com-
parison with the reports of previous and subsequent expeditions to this
area and to coordinate with the more complete analyses to be presented in
special reports and articles in scientific journals. Some suggestions for
improving field techniques and for extending certain of the scientific
studies are also presented.

Only brief mention is made of the investigations conducted in regard
to equipment, food and logistic activities in support of the project, since
these have been covered in some detail in other reports. The value of
these phases of the program, however, should not be underrated in view of
the resultant training of personnel and the imprcvement or field techniqies.

The editorial and stenographic assistance of my wife, Joan, and of
dr. John Howe and Nius Marian Moore of the American Geographical Society is
gratefully acknowledgzed.
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I. INTRODUCTION

Glaciers have been classified geophvsically into two categories:
(1) polar and (2) temperate {Ahlmann, 1935, p, 102). In the first type,
except for seasonal atmospheric variations affecting a shallow surface zone,
internal temperatures are sub-freezing; whereas in the second, they are
generally at the pressure melting point. In polar glaciers, therefore,
melt-water is only a surface phel.omenon occurring for a short period in the
summer season., In temperate glaciers, melt-water plays a more dominant
role in englacial regime with a greater degree of percolation into the firn
and drainage from the deeper levels often continuing throughout the year.
In a single glacier system extending from high to low elevations, it has
been shown that thermic conditions representing each of these categoriezs
can exist (Hughes and Seligman, 1939, pp. 631-32).

Richard F, Flint, in his book "Glacial Geology and the Pleistccene
Zpoch" (1947) considers that temperate glaciers are typical of the inland
glaciation which covered most of Europe, northern North America and Siberia
during the expanded stagecs of the Pleistocene. Dr. Hans W:son Ahlimann, the
eminent Swedish glaciologist, has expressed the opposite view. It is
probable that both polar and temperate ice co-existed across the vast con-
tinental glacier sheets during the periods of their maxima. On this latter
thesis, a detailed study of either type will yield data pertinent to a
better understanding of the character of each and to the broader aspects of
ancient as well as present-day glaciation.,

Today, temperate glaciers are typical of south coastal Alaska where
the largest areas of existing glacier ice outside of Greenland and Antarctica
are to be found., Thus, Southeastern Alaska is an excellent locale for this
type of glaciological research. During the past three-quarters of a century,
numerous more or less descriptive studies of glaciers have been conducted
along the Alaskan coast. liost of these, however, were carried out by ob-
servers whc visited only the various ice termini at or near sea level.
Necessarily, these investigations have been quite limited in nature as well
as extent and emphasized only the cartographic aspects. Such continued
measurement of changing termini without study of related morphological and
meteorological features in the source regions could result only in partial
and inadequate answers to the glaciological problems. To understand fully
the relationship of these ice masses to former ice erochs and to ascertain
the nature and extent of Pleistocene glaciation in these regions as well
as results of the post-glacial climatic amelioration, it is necessary to
investigate systematically all pertinent scientific aspects of a representa-
tive system of modern glaciers., UWith this in mind, the Juneau Ice Field
Research Project was formulated.

The Juneau Ice Field, one of the largest remaining centers of highland
ice on the North American continent, is uniquely situated to serve as a
field laboratory for such a long-term integrated research program. Lying on
the longitudinal axis of the Alaskan Coast Range, with the center of the
region at latitude 58°L4O'N., it embraces nearly 1000 square miles of inter-

connected glaciers and highland névés and thus affords an opportunity for
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the thorough study of various phases of the glacier sciences both at low
elevations and at the upper levels., The accessibility of this area is one
of its advantages. The project!s main base camp, situated near the center
of the ice field, is only 25 air miles north of Juneau, the capital city of
Alaska. Excellent air field facilities for contact flying out of Juneau,
the instrument airport at nearby Gustavus, and sea-plane facilities in Gastin-
eau Channel at Juneau have all served for the loading and embarkation of the
government and civilian aircraft which have supported the project. Several
usable routes have permitted personnel to reach the area on foot, as the
southwestern fringes of the ice field lie only about ten miles from the city
limits. The nearness of river boat facilities and the availability of a

major center of expeditionary supply a2t Juneau have also simplified the
problen cf logistics.

An additional advantage is that a longer record of standard meteoro-
lcgical observations in proximity to an ice field exists in this area than at
any other glacier locality in America. One nearby station has records as far
back as the 1880's and, at present, is operating upper air recording equipment.
These data, of course, are of great aid in correlating the meteorological
records obtained at the various temporary stations on the ice field. The mmmher
of significan, glaciological problems and opportunities for important fundamental
field research in this region of highland ice further set it off as a unique
and extremely interesting locality for a long-term scientific program. On the
Juneau Ice Field, therefore, is an opportunity to develop quantitative glacio-
logical research over a period of many years.

The essential objective of the 1950 program was to continue the scientific

investigations tegun in 1948 and 1949 with the primary concentration on investi-

gations of the physical character of temperate glacier ice and its annual snow
cover. This program included studies of the firn and englacial structure and
movement as well as aspects of the regime and climatology of the ice field.

In addition, plans were laid to extend some of the climatological, geological,
geomorphological and ecological investigations and to enlarge the network of
local triangulation control for an eventual detailed mapping of the glaciated
area.

II. SUPPCRTING AGENCIES AND ACK.CG‘LEDGMENTS

As in 1949, the primary sponsors of the project were the Office of
Naval Research (under Task Order N9onr-83001) and the American Geographical
Society. Aerial logistic support was provided by the Departments of the
Navy and the air rForce through the cooperation of the National IHilitary
Establishment. Special acknowledgment is given to the Alaskan Sea Frontier
of the V. S. Navy for making available an aircraft and crew from the Naval
Air Station at Kodiak. Appreciation is accorded the Alaskan Air Command
for the excellent support rendered by its 10th Rescue Squadron from Elmen-
dorf Air Force Base. The Department of the Air Force helpfully supplied
invitaticnal flight orders for the use of project personnel traveling to and
from Alaska. In addition, certain otherwise difficult to obtain equipment was
made available by Air Force units (under Bailment Agreement A.F. 33 (038-611l).
The Air iiatcriel Command loaned 60 twenty-four foot zargo parachutes which were
indispensable in the aerial delivery of supplies to outlying camps on the ice
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field. The Army Quartermaster Corps, the Signal Corps and the Medical Corps
each provided a variety of useful stock esquipment for field use and test as
well as some special instruments for the scientific work. The Army Corps

of Engineers and the Army Ordnance Department supplied the project respect-
ively with a large fuel storage tank and two oversnow vehicles. A report
on the operation and use of these and other items of equipment has u=zen
prepared and distributed to the agencies concerned. (J.I.R.P. Report No.5).

Considerable liclp in the develcpment and organization of the meteoro-
logical program and in the working up of the climatological summaries was
given by the Juneau Uffice of the U. S. Weather Bureau, especially through
the kind cooperation of the msteorologist-in-charge, lMr. C. V. Brown.
Through the interest of Mr, Glen Jefferson, Regional Director at the Weather
Bureau's Territorial Headquarters Cffice in Anchorage, certain requisite
meteorological equipment was provided. A recording radiation unit was made
available by “eather Bureau headquarters in Washington, D. C. and helpful
advice concerning the evaluation of records was given by its Selar Radiation
Field Testing Station in Bostorn, lsssachusetts. Dr. Wallace E., Howell,

Director of the Ht. Viashington Observatory; Professor Charles F., Broolks, Head
of the Blue Hill jieteorological Observatory at Harvard University; and Colonel

Marcellus Lurfy, Commanding Officer of the 2107th Air Veather Group at
Anchorage, Alaska, gave advice and made available experienced members of
their staffs for the field party. Iiiajor R. T. Derr snd Major H. G. Dorsey,
Jr., of the Arctic Veather Central, were also especially helpful,

The U, S. Geological Survey provided a series of englacial temperature
recording cables and accessory equipment as well as advice on the geological
program. Acknowledgment is made especially of the help of Dr. J. H. Swartsz,
geophysicist-in-chargzs of the Geolegical Survey's Baltimore Field Unit.

The Navy Hydrogreaphic Office and the "'oods Hole Cceanographic Institute
suppiied other special equipment. The Alaska Territorial headquarters of

the U, S. Forest Service (Tongass National Forest), through the good offices

of Mr. B, Frank Heintzleman, Regional Forester,1 and his chief assistant,
Mr, Charles Burdick, also made available a local headquarters and warehouse
space for the project and provided certain needed equipment and transporta-
tion facilities for personnel and supplies. The Forest Service also kindly
allowed one of its Lands and Recreation staff members to assist in some of
the field work and to aid in the expedition's liaison needs in Juneau.

lire A. Francis, communications manager, and his staff, at the Airport
Station of the Civil Aercnautics Administration very kindly volunteered to
handle the radio schedules which were necessary in conjunction with the
operations of supporting aircraft. This staticn also assumed the responsi-
bility for thrice-daily radio schedules for relay of messages and weather
data betwzen Juneau, the Veather Bureau Office and the central research
station on the ice field.

1Mr, Heintzleman has since become Governor of Alaska.
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The project is especially indebted to the E. J, Longyear Co., of Hinnea-
polis, Minn,, for the loan of several tons of special core~drilling equipment
and to Dr. Henri Bader, of the Engineering Experiment Station at the Univer-
sity of lMinnesota, for his advice and help in the organization of this aspect
of the research program. The Longyear Company also made available the in-
valuable field services of lir. A. K. Anderson, an experienced driller on its staff,
to supervise the glacier drilling program, The Fastman 0il Well Survey Co.,
of Denver, Coloradv, materially aided the program by loaning bore hole survey
equipment and supplying advice and help in plotting results. The Geological
Society of America aided with a field grant for the purchase of accessory
equipment for the bore hole investigations.

Grateful mention is made of the followlng persons and agencies who con-
tributed in other ways to the work of the 1950 season: Dr. Paul Siple, Logistics
Division, Headquarters, General Staff, U, S. Army; Major Victor Genez, Geo-
physical Sciences Branch, the Directorate cf Research and Development,
Headquarters, U. S. Air Force; Dr. Andrew Thomson, Controller, the Air Services
Meteorological Division, Canadi.n Department of Transport; Dr. John Reed,

Dr. H. R. Joesting, and Dr. G. R. llacCarthy of the U. S. Geological Survey and
¥, S. Twenhofel, E., Stejer and R, Marsh of the Juneau Office of the Geological
Survey; Dr. J. L. Kulp and the lLamont Geological Observatory of Columbia
University's Department of Geology; Colonel Bernt Balchen, special Arctic
Adviser to the Alaskan Air Command; Major R. A. Ackerly, Acting Commanding
Officer and Captain R. Holdiman, Operations Officer of the Air Force's 10th
Rescue Squadron; Dr, L. O. Quam, Head of the Geography Branch of the Office

of Naval Research; the management of the Polaris-Taku and Big Bull liines near
Tulsequah, B. C.; the staff of the Hotel Juneau; the owners of Taku Lodge and
the following individuals in Juneau and Taku Valley areas: G. Bacon;

L. Batton; E. S. Blackerby; R. Davlin; L. de Florian; G. George; E. Geurin;

D. Gray; G. Gray; J. h. Greany; G. Haen; M, Hardy; E. Keithahnj; G. Xirkham;

i, Majuris; E. O'Reilly; R, O'Reilly; S. Cwen; F. Parsons; and V. Youpie.

Acknowledgnent is also made to the Commanding Officer of the Seattle
Port of Fmbarkation and to J. Bryson, O. R. iMiller and E. S. Bingham, who gave
invaluable assistance in the routing and special handling of supplies through
the Port, and to Colonel J. D. Alexander of the Alaska National Guard in
Juneau for making available warehouse space for the oversnow vehicles during
the winter of 1950-51. Iliention is also made of the fine cooperatiorn cf the
pilots and management of the Alaska Coastal Airlines and Alaska Airplane
Charter in connection with the charter flights necessary for the transport of
supplies and personnel.

Finally, appreciation is extended to the memburs of the project itself
and especially to those volunteer workers and assistants who so willingly gave
of their time and interest to the program. Acknowledgment is also given for
the advice of Hr. W. O. Field, of the American Geographical Society, with whom
the writer w 'rked out the original ONR contract program, and to lidss C.I. Dem-
pster and iiss Barbara Nelson for their secretarial assistance to the writer
during the planning stages of this expedition,

————m e



e et ke . o P e P, s e

— 1 ettt Am———) ¢ —— . o et

III., PARTICIPATING PERSONNEL

The project was fortunate in having a number of persons who were will-
ing to donate their interest, time and efforts to the program. A total of
29 men, eleven of whom had participated in the previous twc expeditions,
actively participated in the research work. In addition, six non-scientific
visitors and part-time participants visited the ice field for short pesriods.
As a nucleus of expedition personnel, twelve men spent from two to four
months on the ice field. These included two glaciologists and one assistant,
two geologists, four meteorologists, two surveyors and one medical doctor.
All the other men in the party averaged from one to six weeks in the field
and represented the several sciences shown in the list of project personnel
and their affiliations given in Appendix A. Included in this list are
several persons of a separace though supplementary field party which con-
ducted ecological investigations near sea level on the west side of the
ice field. This unit was under the organization and direction of Professor
Donald B. Lawrence of the University of Minnesota. Maynard M. Miller served
as project officer and leader of the field party. C

Scientific advisers and special observers who visited and actively
participated in the expedition during August and September included:
Professor Robert L. Nichols, Head of the Department of Geology, Tufts
Cullege; Professor Peter liisch, Department of Ceology, University of Yashing-
ton; Dr. Henri Bader, Scientific Adviser to the Snow, Ice and Permafrost
Research Establishment of the Army Corps of IEngineers; Dr. Louis 0. Quam,
Head of the Geography Branch, Office of Naval Research, and Mri ¥William O. Field
Head of the Department of Exploration and Field Research of the American
Geographical Society. The availibility of ski-wheeled C-L47 aircraft from the
10th Rescue Squadron facilitated the arrival and departure of these men and
other members of the field party. Throughout the summer, approximately LO
Navy and Air Force flight officers and air crew men were involved in the
various logistic air operations. liany of these men willingly helped in the
packing of supplies and parachutes and in the oftimes arduous task of loading
and unloading heavy equipment at the Airport and on the ice field., The
names of military personnel who participated are listed in Appendix A-IV.

Five men from Juneau volunteered to aid the scientific work and
actively participated in the field from one to three weeks. Among these
were Anthony Thomas, the U. S, Forest Service reoresentative, who throughout
the summer also rendered invaluable assistance in a part-time liaison
capacity in Juneau. Dean Williams, an amateur radio expert, visited the
ice field to check and calibrate the communication equipment at the central
camp, Edward Browne and Thomas Stewart helped in the winterizing of equip-
ment. on the ice field and in the evacuation of the field party =2t the end
of the season., Kenaneth Loken kindly made available his light airplane and
skilfully piloted it in connection with special flights for various purposes
in aid of the project.

B
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IV, AFRIAL LCGISTICS

A1l supplies, with the exception of a small amount of back-packed per-
sonal equipment, were delivered to the ice field by aircraft,

The first supplies (rations for the advance party) were free-dropped

by light aircraft at the central research station on June 2hth. This was
supplementary support prior to the arrival of the military aircraft scheduled
to -deliver the bulk of equipment and expedition supp’ies. On June 26th, an’
RLD Naval airplane under the jurisdiction of the Alaskan Sea Frontier arrived
from Kodiak to commence the first of eight flights to the ice field. By July
3rd, these flights had been completed and six tons of supplies had been de-
livered to eight separate camps (Camps 10, 10B, L4, 8, 12, 14, 15 and 16.)

(See Fig. 2) Five of thesc camps were newly established, two of tham being
supplied with basic camp equipment primarily for the use of the project in the
following year. During this early summer aerial operation by the Navy, 2L para-
chute loads were delivercd averaging 200 pounds per unit, In addition, on the
8th of July, another 800 pounds of equipment in four parachute loads were
delivered by commerciel Grumman aircraft to Camps 16, 10 and L. Later in the
summer, nine more parachute deliveries were made by Air Force C-L7 and B-17
aircraft thus bringing the total number of parachutes used in this season to
37. During the summer, approximately 300 free-fall bundles were dropped by

commercial and military pianes. (For details, see J.I.R.P. Report No. 5,
Table IV, p. 6.).

During the height of the Navy support, an Air Force C-47 equipped with
ski-wheels also arrived in Juneau to make a series of six ski-landings over a
three-day period ending July 2nd. The purpose of these flighis was to trans-
port heavy driil equipment and fuel supplies to the Taku.Glasier néve. AY this
time, a veritable shuttle relay of these two alrcraft took place with the Navy
cargo aircraft handling all packaged units for parachute and free-fall deliver-
ies and the Air Force ski-wheeled plane handling the heavy items which could
not have been delivered othervise, The Air Force plane transported ten tons
of supplies and equipment during the early summer period in six flights
supplying the two main ice field camps (Camp 10 and 10R), In addition, ceven
of the expedition personnel were rlown to the central station. The two air-
craft returned to their bases on the 3rd of July. The services of the Navy
plane were not required again during this season., .

Aerial support was planned on the basis of a mid-summer as well as an
early summer set of ski-aircraft supply flights., Thus, a group of landings
was initiated during August. The main purpose of these flights was to trans-
port several specialists and senior advisers to the ice field. A C-L47 air-
craft was made available for this use for a period of several weeks. Between
July 31st and August 23rd, eight ski~-landings were made and two air drop
flights involving four parachute loads. In this mid-summer operation, seven
more tons of supplies and equipment were tzken to the upper Taku Glacier.

At the end of the field season, a final set of five landings was made to bring
in food and gasoline to be stored at the central station for subsequent use

and to evacuate neariy five tons of scientific =quipment, records and personnel
before the first heavy autumn snow fails made it difficult to operate large
ajircraft on the upper Taku Glacier,

o e e e
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"ith the Air Force planes, a total of 24 flights was made to the ice
field and 19 landings accomplished on the glacier surface at Camp 10B
(elevation 3600 ft,). liost of the take-offs with the ski-wheeled aircraft
were effected with the use of JATO (rocket) cylinders attached to the under-
side of the fuselage. At the end of the season, because of the hardened
snow surface, five take~-offs were possible without JATO. In two of these,
the plane carried a take-off load of L4OOO pounds. In early and mid-summer,
however, JATO was almost always essential.

In summary, 32 round-trip flights were accomplished by Navy and Air
Force planes in support of this season's expedition., Of the non-military
aircraft flights, several were made by Kenneth Loken in an Aeronca Champion.
Ten supporting flights were also made by Belanca, Grumman, and Aeronca
aircraft chartered from Alaska Coastal Airlines and Alaska Airplane Charter
Co, These permitted the transport of personnel to and from the Taku Valley
and the supplementary delivery of one ton of supplies and mail to several
of the highland camps, The total aerial transport of supplies to the ice
field in 1950 was 26 tons, four tons of which were delivered by parachute,
six tons by free-fall and sixteen tons by heavy ski-equipped aircraft
landing on the upper Taku Glacier.

V. GROUND ACTIVITISS AND CAMP ARRANGEMENTS

{lembers of the expedition arrived in Juneau on the 15th of June to
purchase locally the requisite commercisl supplies and to sort and package
equipment which had teen freighted from Seattle by the Alaska Steamship
Company., The first unit to leave for the ice field consisted of three men
who, on June 20th, traveled via Twin Glacier Lake to Camps L4 and 10. (n June
22nd, the central research station was re-opened and the meteorological
observations begun. The main cabin was found to be in good condition
although a few minor repairs were necessary to the roof where portions of
the aluminum sheathing had been ripped off by wind during the previous
winter, Thrice-daily radio schedules were initiated on June 23rd with the
Civil Aeronautics Administration station in Juneau., On this date also, the
glaciological records were begun at Camp 10 and at 10A on the Taku néve.

‘Thile the initial group remained at the central station to receive
the organized air drop of supplies, the otlier project personnel handled
packaging and loading of the equipment to be carried by the Navy and Air
Force planes operating out of the Juneau Airport. Continually good weather
permitted the early season logistic requirements tc be “ulfilled with a
minimum loss of time so that on June 30th three men were flown to the ice
field to join the group at Camp 10, On July lst, Camp 1OB, near the glacier
airstrip, was established and the meteorological and glaciological records
commenced at that site.

On July Lth, four more men left Juneau for the ice field via Lemon Creek
Glacier. nroute, they consolidated the supply crops at the proposed site
for Camp 16. The three remaining full-time members departed for the ice
field on July 8th via a ncw route up the west side of Fast Twin Glacler.

A1l members of the main party were soon thereafter assembled at Camps 10
and 10B to concentrate cn tne coordinated glacio-meteorolcgical prograui.
Dr. and Mrs. Lawrence arrived in Juneau on July 12th and with the help of

one member of the ice field party immediately began the low level ecologieal
studies.

.. . S o
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During the last three weeks of July, continual fog and heavy rain pre-
vailed, The rains were accompanied by relatively warm temperatures on the
glacier surface so that by the last week of July ablation had proceeded to a
point where a number of crevasses had become exposed at Camp 10B and between
Camps 10B and 10A., This condition created a few operational difficulties and
required all further ski-landings to be effected a quarter of a mile west of
the original landing site at 10B. Restricted visibility prevented the mapping
and survey program from getting underway until July 21st. This stormy period
was nevertheless used to good advantage for other aspects of the season's
work. Englacial firn studies at Camp 10B progressed uninterruptedly and were,
in fact, aided by the opening of the crevasses (see Fig. 4). Also, undér. the
direction of Merritt and Turner, the permanent facilities at the research
station were enlarged and improved. A pre-cut, 6 x 10 x 10 ft. shed was built
onto the back of the main cabin to serve as a transceiver room for communica-
tion equipment. This structure, which also served as a separate bunk house
and office space for the senior meteorologist, was insulated for future
winter use. An aluminum shed for sanitary convenience was constructed in the
vicinity of the station and a larger and more sturdy radio antenna tower was
fabricatea cut ¢f lumber which had been flown in for this purpose.

Cn July 20th, Professor Misch arrived on the ice field via the route
from Twin Glacier Lake. After remaining in the area for a week to observe
and advise on some of the geological work, he returned to Juneau. The other
senior advisers, Professor Nichols and Dr. Bader, who actively participated
in the latter half of the season's work, were flown to the ice field in the
August C~L7 flights.

Between July 31st and September 6th, the iavestigations at Camp 10B
were highlighted by the glacier drilling program. A wooden=ceilinged labora-
tory was dug into the firn near the proposed core drilling site. In this
laboratory, the petrofabric analysis of ice cores was conducted.

Since the glacier air strip was at Camp 10B, this camp became the main
staging depot. From three to 22 men were encamped at this site at various
times during the summer. Seven hexagonal tents were erected as sleeping
quarters. Three other hexagonal tents and two 12 x 1l4-ft. wall tents (on
loan from the U.S. Forest Service) were used for storage and for cooking and
messing. To reduce ablation effects, all tents were placed in shallow pits
dug to the proper ground dimension. TRach was lined with plywood or planked
with 2 x 12 in, floor boards to make the accommodation more comfortable.

A sketch view of the camp and equipment layout at 10B is shown in Figure la.

The only other camp occupied for any length of time during this summer
was Camp 16 which was established on July S5th. leteorological records were
maintained at that site intermittently between July 1lhLth and August 16th.
Daily schedules were maintained with SPF and SCR-300 radios, operating at
Camps 10, 10B, and 16, 1In this way,tlLe requirements of each station could be
filled when need arose and a check could be made on the progress of work and
the morale of personnel,

0
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In the latter half of the swmmer, the geology and survey teams used
the caches at Camps L4, 9, 11a, 12 and 1L and also consolidated equipment
which had been dropped by the Navy RLD at the proposed sites for Camps 8 and
15, A temporary camp {10C) was also positioned for glaciological work on a
ribboned section of the upper Taku Glacier, one mile nerth of Camp 10.

The locations of all camps on the ice field are shown in Figure 2.
A description of each camp site, its elevation, approximate coordinates and
the year in which it was established are given in Appendix B.

Two M29C oversnow vehicles ('weasels") had been shipped to the project
from the U, S, army's Mt. Rainier Ordnance Depot, Tacoma, Washington. It was
hoped that by dismantling them into component parts, they could be loaded
into the fuselage of the C-47 ski-plane and flown to the ice field. Unfor-
tunately, after four days of tedious effort dismantling one of the machines,
it was found that the largest section was two inches too wide for the door of
vthe aircraft. To transport it meant altering the inside of the fuselage
vhich, under the circumstances, was not feasible, Thus, it was not possible
to use these vehicles during the 1950 field season. Plans to drive them up
the Taku Glacier during the winter 1951 expedition also were unsuccessful
because of the field conditions to be encountered. The delivery was finally
accomplished by para-dropping the vehicles from a C- g2 aircraft in the summer

of 1951.6 gA di scussion of this operation is given in J.I.R.P, Report. No. 55
ppe 3L-3

In this season, therefore, «ll ground travel was by foot or skis and
the relay of supplies between camps was accomplished with man~hauling
sledges and by back-packing while on skis, The failure to deliver the
lweasels” made it even more advisable to concentrate the scientific work at
one or two primary stations. Fxcept for travel necessary to the mapping
and survey work and the geology and geomorpholcgy studies, most long-distance
travel was confined to the normal over-land routes between Juneau, Camp 10
and Twin Glacier Lake. The Camps 16 and Camp ) routes (Fig. 2) were used
equally for travel tc and from the ice field.

In September, a small party descended into the Taku Valley from Camp L
to spend a few days studying the recent tecrminal position of the Taku Valley
glaciers and in reconnaissance observations of the geomorphology between the
head of Taku Inlet and the teminus of Talsekwe Clacier. Several days werc
alse cpent in reconnaissance of the physiographic problems in the Taku
River Valley northeast of Tulsequah, B, C,.,, as far as Red Cap Creek, 17 miles
beyond the International Border. (Fig. 2). This journey was supplemented by
an observational flight to assess the distribution of rivrer terraces near the
junction of the Inlklin and Nakina Rivers, and to consider the p0351b111ty
of conducting related studies in that area in the future.

Ground evacuation of the expedition from the ice field was begun in
the second week of September and was completed with the aid of the C-h7
ski-planc on the 28th of September. Several members of the group remained
in the area for one final week of low-level investigations and to inventory
and store expedition equipment in the U. S. rforest Scrvice warehouse. The
last member of the season's ficld party left Juneau on October Sth.
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VI. EXPEDITICNARY TECHNIQUES AND TRAINING

In conjunction with the scientific program, considerable experimentation
was c¢onducied in logistics and in the techniques necessary for living and
successfully conducting field work on glacier and mountain terrain. This
phase of the program is of practical interest and value to the supporting
military agencies as well as to the field scientists. As part of this program,
some useful testing of equipment and food was accomplished and a minor medical
program undertaksn. Comments and recormendations on these aspects, together
with observations from the 1949 and 1951 field seasons, form the basis of a

serieszof seven reports which have been combined into three recent publica-
tions.

This season comprised 107 days of field werk. Approximately 55 per
cent of this time was spent directly on the scientific program, the remaining
LS per cent being devoted to logistical activities, necessary "housekeeping"
details and ice field travel. This ratio of productive field time was
higher than in the 1949 season. Four factors particularly contributed to
this: (1) better general weather conditions; {7) scientific studies concen-
trated at two adjacent camps so that most work could proceed even when weather
was inclement; (3) ski-plane landings made within a few yards of the main
glacier study camp thus reducing the time necessary for transport of equipment;
and (4) less time necessary for establishing caches and for construction work
on the research station and other permanent facilities.

*"ith the modest field laboratory which is now available and the network
of supplementary camps established where equipment has been cached and between
vhich the routes have been laid out and the logistical supply problems fairly
well resolved, it is anticipated that the scientific program can be more
expeditiously continued in the future with a minimum of time required for  these
corollary aspects. If the hopes and plans for further improving these
facilities can eventually be accomplished, the per cent of time &vailable
strictly for scientific investigations should be further increased.

VII. ABSTRACT OF THE SCIENTIFIC PRCGRAM

The primary objective in this season was to continue the glaciological
investigations with secondary emphasis placed on related meteorological and
survey data. [ost of the geomorphological and geological studies were pre-
liminary in nature and were undertaken to formulate a feasible outline and a
sound basis for later detailed work. Dr. Lawrence's ecological program wasg
designed to enlarge upon his 1949 research on one glacier at the southwestern
edge of the ice field., The higher elevation ecological work was carried
through only during the first half of the season. This has been supplemented,
however, by more extended investigations in subsequent seasons.

2See J.I.R.P. Reports Nos. 3, L, and S.
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In the glaciological program, continuing studies were made on internal
glacier structure, on the rate and manner of melt-water percolation in the
firn and in the vertical profile measurements of some of the physical
characteristics of firn. Further records were obtained on ablation and
accumulation, on the changing position of the névé line and on surface and
englacial movement. The seven and cne-half tcns of deep rotary core drilling
apparatus taken to Camp 10B in early summer facilitated investigations in the
Taku Glacier and its firn cover to a depth of 292 ft, below the mid~August
ablation surface., Petrofabric and air-bubble studies of ice cores taken from
below 150 ft, were conducted in the cold laboratory dug into the firn near
the drill site. Equipment necessary for the measurement of temperature in
the firn was installed. This consisted of three sets of electrical .esis-
tance thermometers vertically spaced 1 to 20 ft. apart and implanted in
drill holes reaching a depth - of 170 ft. lieasurements with these units
were obtained in the following winter and summer -easons. In one of the
bore holes, a 2l5-foot section of two-inch (inside diameter) aluminum pipe
was inserted sc that from future measurements of the deformation a record
of differential englacial flow could be achieved. Inclinometer surveys on
this pipe have been conducted in 1951 and 1952.

To provide correlation with meteorological data obtained at the central
station, a weather observing post was established at Camp 16,on a nunatak ridge
adjacent to the Lemon Creek Clacier néve on the southwestern side of the ice
field. This site also served as a convenient route camp on the first stage
of the three-day journey from Juneau to Camp 10. Camp 16 meteorological
records have been sup-lemented by further data in the 1951 summer season.

To qnlarge upon the climatological records previously obtained above the
neve line on the Taku Glacier, a meteorological program was also initiated
at Camp 10B, which lies almost a mile nearer the center of the Taku Glacier
(at approximately the 3600-foot contour) than the 1949 Camp 10A (Figs. 2 and
3). This site may be considered representative of the intermediate eleva-
tion névé surface on a main trunk glacier. These records are being compared
with those from Camp 10 situated on a rock island at a 300-foot higher
elevation and 1 mile to the northeast. At the mid-glscier station, & fou
preliminary micro-meteorclogical observations were made in order to formu-
late the basis for a more comprehensive program in 1951. At Camp 10,
records were obtained of the duration of daily sunshine and diurnal varia-
tions in total sky and solar radiation. As in other years, all metecrolog-
ical data have been collected for interpretation and comparison with the
syroptic surface and upper air observations obtained at adjacent low-
elevation stations of the U, S. ''eather Bureau and the Canadian Air Services
Meteorclogical Division.

In the survey and mapping program, approximately 500 square miles of
ice field terrain were brought into a network of fourth-order local control.
This coverage alse included a re-cccupation of alrcady-established stations
and a refinement of some sections of the previous year's survey. The field
triangulations were obtained by thecdolite and the stations accurately pin-
pointed on existing vertical aerial photographs., Local photogrzphic stations
were established at several key points on the ice field for panoramic refer-
ence, useful for studies of future volume changes in the névé area. The
photographs may also be utilized for morphological interpretations dvring
compilation of the ice field map,
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A small amount of mapping on aerial photographs and some reconnaissance
studies were conducted concerning the bedrock geology of several nunataks in
the central portion of the ice field. A1 representa ive collection of rock
samples-was obtained for laboratory classification to supplement previous
studies in the mipgmatite complex of this area,

In regard tc the geomorphology of the region, a reconnaissance study was
attempted on-several deglaciated nunataks. These investigations were extended
to the periphery of the glacial area in an effort to interpret the region's
physiographic history. liuch more field work needs to be done along this line;
however, some useful information was obtained concerning the -upper and outer
limits of Visconsin and recent glaciation, A few observations were also
made on the nature of fiuvial and glacio-fluviatile sedimentation in the Taku
and -Gastineau Valleys and on the filord development and post-glacial emergence
of this portion of the Alaskan coast.

In the ecolo 1ca1 program, as in previous years, collections of upper
elevation arctic and alpine plants were sbtained from nunataks and other rock
outcrops bordering the glacial area. These were supplemented by studies of

the stratigraphy of local peat bogs and the constitution and depth of muskeg

on raised benches nearer sea level. Pollen~analytical techniques were employed

for the study and differentiation of annual increments of snow accumulation,

These investigations have been purposefully organized as part of a long-
range program of record. Since all of them are as yet not complete, some of
the data and information are merely listed or briefly mentioned in this report
so that they will be readily available for future reference and interpretation
together with additional seasons of record. Yhere this summer's special
studies warrant it, the results are discussed in some detail, In those instan-
ces where final reports have not ye! been received or have already been
( published elsewhere, a brief synopsis of the work is made and the reference to
| 178 published source is given.

VIII., GLACIOLOGY

The glaciological investigations in 1950 were organizec so as to supple~
ment the 1948 and 1949 records and also to introduce several new and previously
unattempted lines of research. The main emphasis was on englacial investiga-
tions, using pit, crevasse wall and boring techniques, A few aspects of this
summer's work which relate to the longer range scientific program are presented
in other reports of this project. The pertinent references to these other
publications are noted in the text.

H A, General Glaciological Observations and Records.
1. Regime

To achieve a reliable assessment of the material balance of any glacier
or ice field, -a number of ,years of comparative records are required. Since a
discussion of the annual néveé surface economy and a treatment of measured
details of firn regime on the Taku Glacier for some years previous will appear
in a future report, only the briefest comments on the comparison of records
are included in these present notes.

L:—g__‘_, ST
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The regime studies undertaken are similar to those introduced by
Professor H. 1. Ahlmann (1948) in his investigations during the 1920's and
1930's of several glaciated areas fringing the North Atlantic. One phase
of this ressarch involves a detailed record of the amount and kind of snow
accumulation at given locations balanced against amcunts and kinds of
ablation and wastage. Unfortunately, where only summer observations are
available, certain assumptions must be made in order to evaluate the annual
regime for a given year, If carefully done, however, the interpretations
can have comparative value, For long-range relationships, the net increase
or loss is usually expressed in terms of water equivalent, preferably as a
deficit or surplus per unit area. With these data., there should be correla-
tive information o: the annual variations in position of the névé line and
of any changes in position of the glacier front. The terminal records should

be shown preferably as volume gain., or losses instead of merely as horizon-
tal distances of advance or retreat.

The 1949-50 budget year, at the 3600- to 3800-foot lsvels on both
the Taku and Twin Glacier névés, showed no retainment of winter snow cover.
Slightly negative conditions, or at least those nearly "in balance", may
therefore be reported for this year at this elevation, where, in 19,8-19,
an annual surplus of 12,4 ft. of firn occurred. At the measured late summer,
1949 bulk density (0.,55), this represented 82 in. or 208 em, water equivalent.
In 1947-L8, there was a net surplus of approximately 3L in. (about 86 cm.)
of equivaient water at the surface of the glacier. Thus, we may term these
earlier two years as positive budgetary years at this level. The probable
relationship between the net surpluses of seven previous years (since 194O-

h1) a;e indicated in Fig. 8, which is based on data obtained in the summer
of 1950.

At the end of the 1950-51 ablation season, the yearly surplus-loss
relationship was found to be even more severely negative than in the 1950
season, the net deficit being 23 in, (38.L4 cms.) of water equivalent at
the Camp 10B surface, Thus, a varied pattern of annual regime is already
apparent. It is hoped that the record may be contipued as frequently as
possible in years to come so that an interpretation may be made not only of

the present trend in the Taku Glacier lLut in the regime of the ice field
as a whole.

2. Ablation

Continuous records of gross ablation were obtained at Camp 10B
throughout most of the summer, Comparative records were also obtained from
several other sites on the névé over shorter periods of time. Correlated
with both earlier and subsequent records at these sites, these data permit
an evaluation of the average length of the ablatioan season at specific
elevations. From these data the mean seasonal rate and magnitude of neve
gross ablation can also be determined. Such information can be not only of
theoretical value but of preactical use in foretelling surface snow conditions
for oversnow vehicle travel and ski~-aircraft operations.
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Two types of ablation stakes were employed: (1) small, quarter-inch
diameter fir dowels in 3-ft. lengths, reset into the firn surface each day
and (2) rectangular cross-sectioned, white-painted wooden stakes (3/L in.
by 1-1/l in. and } ft. long) which were implanted vertically in the snow to
a depth sufficiently great to minimize settling effects. Measurements were
normally taken twice daily at 0800 and 2000. The measurements were made
either by marking the level of the snow surface on the stake with pencil
(for subsequent tape measurement) or by directly measuring the distance from
the top of the stake to thie surface. Vhere possible, an average of readings
on three stakes was obtained. All measurements were taken on the flattest

sections of the néve to reduce errors introduced by differential ablation under
irregular surface conditions, (see below)

Ablation records are given in App.C and Fig.5. To simplify these, an
average summer bulk density of 0.50 was used for the calculations of water
equivalent. For refinement of these calculations, one is referred to the
density curves at the end of this report. Figures5a and 6Sb illustrate typical

2L~ and 12-hour values and indicate the periods of maximum ablaticn as well as

a0 WOoA
the end of the ablation season. Figurebo also shows the comparison between gross

ablation at three sites at approximately the same elevation on the Taku Glacier
névé in mid-August., The relative positions of these sites- 10A, 10B; and 10B
are indicated in Fig. '3, Records from these sites show the marked decrease

in ablation from the edge towards the center of the glacier.

~ Ablation near the center of the Taku Glacier averaged 1,30 in. of
snow {(0.65 in. water equivalent) per day during the full summer season with
the maximum of 3,75 in., of snow (1.9 in. water equivalent) occurring on
July lhth, The average daily ablation for each summer month appeared to de-
crease from a maximum at the end of June to a miunilmum in early September,
These averages are ncted for Camp 10B as follows:

June Average of 2,0 in. of snow ablation (0.90 in. water equivalent)
Last week per day (2000 to 2000). Night-time ablation on 3 days out of

7 with maximum of 1 in. per night (0.4L in. water equivaleat)
July Average of 1,52 in, of snow ablation (0,71 in,water equivalent)

per day., Night-time ablation on 5 days out of 31, with maximum
of 1 in. per night (0.L9 in,water equivalent) :

August Average of 1,21 in,.of snow ablation (0.62 in.water equivalent)
per day. No night-time ablation,
September Average of 0,5k in, of ablation (0,29 in, water equivalent)

First 3 days per day

Sept ember Negligible ablation in cld snow, lost occurred in freshly
Last 3 weeks fallen snow

The ablation season came abruptly to an end in the first week of Sept-
ember when 1 tc 1l in. of new snow fell at levels from 30C9 to 5000 ft. re-
spectively. It is probable that a considerably greater quantity of new snow
fell in the vicinity of Camp 8 (approximately 6000 ft.)during this period.
This was indicated by the heavy blanket of fresh snow visible on the summits
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of all peaks in the area over 5000 ft. in elevation. ijost of the accumula-
tion, below the L0OO-ft. level, ablated away in four days, as shown by the
appended records (Sept. 6-10th). It was followed, however, by further
heavy snows within a fortnight. These snows undoubtedly represented the
first persistent autumn accumulation for the ensuing budget year.

3. Differential Ablation on Suncupped Snow Névé

In an effort to determine the relative magnitude of ablation on the
crests and in the troughs of suncups a set of three flat-ruled increment
stakes (graduated to sixteenths of an inch) and also three white-painted
accumgléﬁon-ablation stakes were planted on the relatively level surface of
the neve at 1UB. Since these stakes had rectilinear cross-sections, two of
each were oriented so that their narrow sides were in a southwest direction.
This was to minimize direct insolation efiects on the wood which was in
contact with the snow. [For comparison, the others were placed on an East-
“‘est line. The positions thich these stakes held in respect to individual
suncups are noted below, Their relztive positions and orientation are also
diagrammatically sketched in Fig. 6.

Positions of Micro-Ablation Stakes

Flat-Ruled Increment Stakes Rectilinear Accumulation-Ablation Stakes

1. On flat divide between two . On flat divide between two suncups
suncups

2. On ridge crest between two S. On ridge crest between two suncups
suncups

3. In suncup hollow (depression) 6. In suncup hollow

The relative form and range of size of suncups in this sector at the
beginning of the period of observati on sre indicated in the sketch in Fig. 6.
In each cace, the suncups had a steep north-facing slope and a more gentle
south-facing slope, giving an asymmetrical cross-sectional view. At the
beginning of the following period of ablation measurements, the suncups
varied from 8 to 26 in. across their loneest dimension from crest to crest
and the depressions were 3 to 12 in. deep. In the ensuing 12 days, the sur-
face was more and more levelled with the result that the suncup pattern
became very much less accentuated.
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Table I

DIFFERENTIAL ABLATICN RELATIONSHIPS ON SUNCUPPED NEVE

(Camp 10B, elevation 3575 ft.)

Gross Ablation . -Gross Ablation
Date Hour Stake Total Incre- Water Stake Total Incre- Vater
Aug. No. Abla- ment Fquiva- No,. Abla- ment Equiva-
1950 tion lent tion lent
(ino) (in-) (ino) (in.) 7in.) (int)
8 1200 Set Stakes
9 1300 1 3,0  3.0% 1.50 L 2.5 2.5 1.25
2 2,25 2,25 1,13 5 2.63 2,63 1,32
3 1.5 1.5 0.75 6 1.25 1,25 0.63
12 0800 i} 10.0 7.0 3,50 N 6.0 3.0
2 11.0 8.75 L.38 5 9.0 L.S
3 8.0 6.5 3.25 6 6.0 3.0
‘1 1200 1 15.5 5.5 2.75 L 7.C 3.5
2 17.0 5.0 3,00 5 5.0 L.5
3 13.5 5.5 2,75 6 5.75  2.88
18 1730 5! 21.5 5.0 2.50
2 23.5 5.5 .3.25
3 19.5 6.0 3,00
1000 l L.75 2.38
5 &.75 3.38
6 L.38 2.19
18C0 i 1.13 0.57
S 1.75 0.88
6 1.75 0,88
20 1120 1 k.5 3.0 1.5 L 1.75 0.88
2 26,5 3.0 1,5 5 2.0 1.0
3 21.5 2.0 1.0 6 3.75 1.88

*inderlined values (on flat inter~suncup divide) are considered as most representa-
tive of general ablation at thissite.
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The accuracy of measurements in the preceding table is considered to
be -ithin two millimeters of firn. .t appears that the greatest ablation
occurred on the sharper crests of inter-suncup ridges and was least in the
hollows. The considerable variation between these pcrtions of a suncup is
best illustrated ir the two series of plottings in Fig. 6. Between noon on
August 8th and 1300 on the 9th, for example, there was nearly twice as much
ablation at the crest as in the adjacent hollow. This pattern prevailed
during most of the other listed perivds except during the last day of record.
In most cases, ablation at the crests was 20 to LO per cent greater. On the
night of the 19th to 20th, however, it averaged about the same in each
portion of the feature. This equalizing was probably due to rain which
occurred in the early evening of the 19th. The rain was accompanied by an
abnormally warm ambient air temperature (39° to L1°F.) and was the only pre-
cipitation experienced during the period of observation. In only one other
instance, between 10CO and 1800 on August 18th, was ablation exactly the
same at the crest and in the hollow. This may be attributed to the fact
that the time increment between readings was restricted only to midday and
afternoon and was probably too short to show a significant difference. The
crests, of course, receive relatively more direct insclation during the
morning and late afternoon hours when the deeper portions of the cups are
at least partially in shadow.

It was not the purpose of this effort to study genesis of the features
or the related deterioration of the snow surface. Its objective was rather
to show the nature and magnitude of differences in ablation from one portion
of a suncup to another. The results amply demonstrate that special care
must be exercised in emplacing stakes especially when significant comparisons
are to be made bet-'zen ablation in one sector of the ice field and another.
The records in Table I show a fair degree of conformity between the measure-
ments taken on the flat divide between two or more suncups. As a result of
these observations, an effort has been made to emplace ablation stakes on
the flattest part and intermediate portion of any undulated surface.
Fortunately, it has usually not been necessary to non51der thlS aspect until
the latter half of the summer. Prior to August lst, the névé surfaces at
all elevations h“"e nct been excessivaly roughened and above the 5000-ft.
elevation the névé has been characterized throughout the whole season by a
smooth surface with only very shallow and ill-developed suncupping.

The size and depth of suncups are dependent on several factors. Among
these are: (1) the duration of effective sunshine; (2) the angle of sun's
incidence; (3) orographic conditions surrounding the névé, such as nearness
and extent of rock exposures and shadow effect; (L) slope gradient; (5) slope
exposure or direction of gradient; (6) micro-meteorological conditions
operative at the surface during periods of suncup development; (7) vertical
position of the affected surface in relation to internal firn structures
such as ice strata, and (8) the presence of dust and organic matter such
as algae.

For a suncup initially to form, there must be some physical inhomogen-
iety at the surface whereby differential ablation is introduced. Certainly,
the process begins with greatest melting or evaporation at selected points
where the depressions are formed. The development of suncups in this area
is often cyclic. They are progressively produced and then destroyed; re-
produced and re-destroyed (or at least partially deteriorated)according to
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the meteorological conditions affacting the névé. Prolonged periods of rain,
for example, serve to reduce suncup relief and generally to level a roughened
firn surface. At the end of the ablation season, in asny stage of the cycle,
the surface may be covered by the first persistent autumn snows. In such
cases, it may show up in subsequent firn profiles as an undulated zone or band

sometimes associated with a visible dirty layer if there is a sufficient con-
centration of wind-borne material.

Ablation measurements in the above described test were carried out
largely during a degenerative hemi-cycle of suncup evolution. The development
of night-time cruste in the depressions, from drainage and re-freezing of
melt~vater off their side slopes, could eventually retard ablation at the base
of the hollows. Likewise, as already suggested, under certain conditions the
relatively greater exposure of the higher crestal ridges to insolation, %o

driving rain and to heat conductiocn by air flow over the glacier cculd favor
the greatest melting there.

These observations are neither complets nor are they necessarily typical.
However; they do show in a quantitative manner that considerable local variation
in ablation can occur on irregular surfaces and consequently that special care
must be given to the observing technique. From the genetic point of view, it
would be desirable to make a detailed study of ablation conditions on the névé
during a solely generative period as well as throughout a full summer season.

L. Accumulation

Thickness of the 19,9-50 snow increment was measured at several observa-
tion sites. Since the measurements were taken periodizally during the ablation
season, they provide supplementary information to the foregoing consideration
of rate of destruction of the annual snow-pack. As already mentioned, detailed
water equivalent relationships for any horizon may be obtained from the profiles
of specific gravity. The average bulk density of the 1949-50 snou-pack at
Sites 10A and 10B was 0.50. (See Section VIII, B3). In the higher névés, the
density of accumulated snow is relatively less. For comparison, a mid-July
profile obtained in 1951 at the 5900-ft. level of the upper Taku Glacier will
appear in J.I.R.P. Report No,1l0, HNote that in this figure the average bulk den-
sity (0,50) is the same as that for the corresponding July, 1950, snow-pack
at the lower sites. Its range of variation, however, is smaller and its rate
of linear ' increase with depth is likewise less. The corresponding bulk density
at Camp 10A in mid-July 1949 was also approximately 0.50.

At the 10B site, no net accumulaticn was retained in the 1950 season due
to two factors: (1) relatively low accumulation in the previous winter and
spring and (2) unusually high summertime ablation related to meteorological
factors not yet fully analyzed. As indicated in the report of the 1949 expedi-
tion, the winter of 1948-L9 produced 23 ft. of net accumulation in the Camp 10A-
10B sector {as ieasured in mid-June 1949). The 1950 figure was less than 15 ft.
of accumulation as early as June 23rd. Even this early in the summer, it
appeared that a considerable difference in annual accumulation had occurred
during these two years.

The following short-term statistics concerning this yeart's snow-cover may
be useful for future comparisons.

(‘;
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Table I1
SUPPLEMENTARY ACCUMULATION STATISTICS RE THE 1949~50 SNOW-COVER

Date Location Eleva- Exposure & Net Retained Remarks
tion Gradient Snow 1949-50
(ft.) (in,) (Water
uiv,
1950 ff} i
July 10 Camp L Névé 3900- N. slope, 152 76  On crevasse wall
- 1:000 = .

Sept. L " n 0 O  Ablation had proceeded
into 1948-49 firn-pack
by this date.

Sept. 5 " " - - 6 in. fresh snow; on
névée,end of ablation
season.

July il Icy Pass (i} L300- S.Ww, slope, 128 6 On crevasse wall

miles east LLOO 10°
of Camp 10)

July 29-30 " " " - - Slight snowfall,h or Sin.
at 5500~ft, level on
Taku Range,

Sept. L " " " 2L 12 10 in.fresh snow onnévé.

July 18 Camp 10B 3575 S.E, slope, 76 38 Greatest accumulation on

1 several crevasse lips
and in local deprescions

July 26-27 o o " - - % in(fresh snow at 10B
and 1 in, fresh snow at

‘ Camp 10.
1 July 28 " ] " 67 33.5 _—

Aug. 27 " u n 0-12 0-6 Large sections of 1949
firn exposed.

Auvg. 29 i L L - - Trace of fresh snow -in
evening.(5-6 in.on

! "Taku B" summit).
} . Sept. L " U L "0 0 2 in. fresh snow, effect-
: ’ ive end ablation season.
Sept, 5 ) " n n - - 2.65 in, fresh snow.
June 23 Site 10A 3590 flat 103 51.5 Recorded on marker tower.
| i June 28 " " (] 90 LS n
i 5 JUIY ,J i i ul 75 37 05 "
3 July 1l n " n 68 34 "
¥ July 19 " i 1 ol 27 "
: July 26 " " " hly 22 .
; Aug. 15 " n " 15.5 7.8 L
i Aug. 25 " n " 0 0 Ablation proceeded into
1948-49 firn-pack.
) Sept. L 10A & 10B - - - - 2 in. fresh snow,
{ Sept. 5 i - - - - 3 in. fresh snow.
§ Sept., 23 L - - - - 2 in. fresh snow.
i Sept. 2L n - - - - 6 in, fresh snow.
Sept. 25 " - - - - 1 in, fresh snow.

% (n basis of average bulk density of 0.50.
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) Diagrammatic illustration of some of the above data as well as net accumu-
lation from several previous years 18 included in Figs.8a and 8b. These dia-
grams have been drawn from data obtained on the walls of Crevasses: No. I, II and
IIT and of Pits A and C. Six prominent annual dirty layers could be seen in
these profiles; however, the positions of three intermediate ablation levels
which are shown on the sketches were not readily apparent as dirty layers. They
were indicated from supplementary data which came to light in the firn stratig-
raphy and density profiles of Appendices D and E. These have also been corrob-
orated Uy other iines of evidence discussed elsewhere in this report and agree
favorably with the data from additional depth profiles taken in the general
vicinity of site 10B during subsequent seasons, A tabulation of the retained
firn increments since the 1940-L1 budget year, as observed in 1950 in study
pits and crevasses, is given in Table III, For future reference, the average
bulk density of each accumulation zone and its corresponding annual gain in water

equivalent is noted. The probable comparison of these eight previous years of
accumulation is also shown in Fig. 7.

Table IIT

RETAINED INCREMENTS OF FIRN ACCUMULATIONS
(at 3600 feet elevation on the Taku Glacier)

PIT C(1) : PIT C(2)
(Camp 10B) (Camp 10B)
22 July, 1930C 27 Aug., 1950
Inches Bulk Water kquiv. Inches Bulk Water Equiv.
Year Firn Density (in.) Firn Density (in. )

1949-50 - 0,50 - = 0.54 -
1948-9 115 0,617 71 135 0.647 87.3
1947-48 L9 0.657 32.2 L6 0.659L 31,9
1946-4L7 31 0,771 23.9 30 0.70L 21.1
19L5-k6 19 0.711 1 17 0,788 13.4
194k-L5 L7 0.378 38 ? 0.819 -
1943-kk - 0.8C3 - - - -
19L2-43 - 0.830% - - - -
1941-42 - 0,8L0%*: = = = &

AVERAGE FROM CRTVASSE WALLS REF SRFNCE NET GAIN¥**¥

(1, II, and IIT) 11 Aug.,1950 WATER EQUIVALENT

Inches Average Vater Fquiv.
Year Firn Bens? EX** (in,) (in.) (cms.)
19L9-50 = 0.52 - —0
1948-L9 127 0.63 80 80 203
19L7-L8 57 0,675 38.5 3k 86.L4
19L5-46 19 0.765 1le5 1) 35.6
19L4-L5 L6 0.813 37.k 38 96.5
1943-Ll 27 0.823 22.2 22 55.¢
19L2-43 36 0,830 29.9 30 76.2
1941-k2 36 0.8L40 30.2 30 76.2

* Estimated,
¥ From average values. Crevasse III.

“*** et accumulation values as of 1ate summer 1350, from comblnatlon of most
reliable data available.-
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S. The Néve Line

The late summer position of the semi-permanent névé line on the Taku,
Twin and Lemon Creek Glaciers,.for each year between 1348 and 1952,will be noted
in the report of the 1951 season of this project. In 1950, the upper limit
of the semi-permanent neve line on the Taku and Twin Glaciers was a short
distance down-glacier from Camp 10B at 3300 to 3L0O ft. above sez level.
However, thc seasonal névé line, represented by the position of the snow
line of the previcus winter's smow-cover at the end of the summer's ablation
season, was even higher than the elevation of Camps 10A and 10B. This was
an abnormal condition which caused an unusual number of crevasses to open up
at these sites. The first persistent snow fall occurred in the Camp 10-10A-10B
sector on the 23rd of September. After that date, crevasses became increas-
ingly covered as more snow fell and the annual winter cold wave began to
penetrate the glacier at progressively deeper levels. They were not completely
covered, however, until late in February of the ensuing winter after the winter
party had been in the field for several weeks,

From th2 observations to date, it appears that the end of the summer
ablation season at intermediate elevations usually occurs no later than the
last week of September. It has been seen to come as early as the last week of
August at the 5800 to 6000-ft. level. On the past several expediticns, in
order to mark the ablation surface before the first autumn snows began to
fall, an insoluble lead oxide dye has been sprinkled on the surface of the

upper Taku Glacier at Camps 10A and 10B and at Camp L on the Twin Glacier
neve,

B. Physical Characteristics of the Firn

Although a complete investigation was not attempted in this season,
several important aspects of the firn-cover were studied in order to supplement
the records of physical characteristics taken during the previous summer.
(J.I.R.P., 1952) The three main phases of this program are described below
with the pertinent field data listed in Appendices D, E, and F. '

1., Field lMethods and Equipment Employed

Some o the equipment applied to this work was modified from that used
in 1948 and 19L49. The methods employed were based partly on techniques de-
veloped by the Swiss Federal Institute for Snow and Avalanche Research and
also on those which have been formalized by the Associate Committee on Soil
and Snow Mechanics of the lational Research Council of Canada. {Xlein, Pearce,
and Gold, 1950)

Most of the profile equipment, as listed below, was loaned by sponsor-
ing agencies. Some of it, however, was constructed for the project by W, F.
Lossing of Seattle, Washington, on specifications drawn from experiences
gained on the previous two expeditions.

6 10O to 600 cc. snow samplers {(Fig. 11)

1 250 cc. soft snow sampler (N.R.C. of Canada)
1 250 cc. hard snow sampler (N.R.C. of Canada)

e 1 0 g e s s e
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Ohaus scales, 600 grams

Suspending balance, 500 grams

Aluminum weighing pans

Low scale plate~type snuw hardness gauge (N.R.C. of Canada)

High scale plate-type snow hardness gauge (N.R.C. of Canada)

% in,, 3-ft. length, wooden dowels, as markers and ablation wands
3/k in. x 1% in. stakes (L4 ft. long) for ablation measurements, etc.
Ruled stakes {meter stakes desirable)

50-ft., steel tape

15-meter steel tape

8-It. steel tapes (inches and centimeters)

Waterproof notebooks and banded page clips

Field pencils (3H)

Funnel-type melt-water pans (for vertical percolation, Fig. 10)
Rectilinear-type melt-water pans (for horizontal flow, Fig. 10)
600 cc. collecvion containers (quart cans will suffice)

100 cc. glass graduates

Small plastic funnels (S5 in, diameter)

Ft. of 7/16 in. diameter rubber tubing

=\
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120 ft. 7/16 in. nylon rope

Pick mattock

D-handled coal shovels (for snow)

Ice axes

12 12-ounce decontaminated bottles, with caps, for water samples
12 Packets of water-soluble fluorescein dye
50 Pounds of non-soluble lead oxide dye

25  Pounds of lamp black

1 8X hand lens

1 Rectilinear scale (mm.) for grain size determination

1 Brunton compass

Fquipment for liquid vater content analyses (see Appendix U)
Requisite pollen sampling vials and accessory equipment for ecclogist

2. [Firn and Snow Terminology

Prior to a discussion of the firn and snow records, a few comments are
included in regard to terminology. In this, recommendations for consideration
in future field work are also included.

In this report, a differentiation has been made between the terms
"ice band", "ice layer", "ice stratum!, and "ice lamina". Previously, these
have been applied niore or less gynmomously in referring to primary layered
ice structures in a firn-pack. It is now suggested that ice lamina be used
to refer to a thin sheet of ice, 3 mm, or less in thickness, which is em-
bodied in firn or snow. (An alternative for the very thinnest observable
distinet layer of ice in firn is ice lamella.) The term ice stratum is sug-
gested as preferable to "ice layer", which has been applied by observers
elsewhere to describe a thicker zone of more or less continuous ice. Vhere
it is particularly desired to indicate a three-dimensional form, it is
believed that these suggested words give a more meaningful and geometrically

SO-ft.rope ladder (two 35-foot ladders with connecting shackles,desirable) |
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correct connotation than does general use of the word "band". For empirical
description of the end-on expo ure of an ice stratum, as seen on the wall of
a pit, however, the term "ice band" is still properly usable; but only when
a cross-sectional sense is implied. %hen referring only to the extremely
thin or sheet-like three-dimensional character of a structure without appre-
ciable thickness, a useful equivalent term for "stratum" is "layer". Thus,
especially in reference to an annual sheet of summer dust in the firm, the
word layer is used, often with descriptive adjectives--e.g., annual dirty
layer.

When general reference is made to connote a whole series of closely-
spaced and thinly-layered structures such as "ice strata", the term strati-
culation is sometimes used. FEach unit in this case must be essentially
distinct and parallel to the others. Where there is not a series of distinct
ice strata and where a zone in the firn is nearly as dense as ice, or where
in cross-section it exhibits a faint pattern of intermittent ice laminae
(lamellae), the term icy zone is applied. This is done in order to differen-
tiate such a zone from non-iey firrn.

For general reference to a sequence of layered annual increments of
firn, as observed on crevasse walls where lineation is found due to alter-
nating differences in density and grain size, the term primary stratification
is applied. A further type, for which the name secondary stratification is
suggested, .occurs' in irregular form in cirques and at the base of cliffs.

This might also be called regenerated stratification since it is caused by
masses of ice, firn cr snow whic have avalanched from disconnected hanging
glaciers or from hanging snow-fields at higher elevations. This type is
found usually in avalanche fans at the base of steep névé slopes and at inter-
mediate elevations below exposures of rock cliff which are swept by excessiv-
ely heavy snow avalanches during the spring months. The primary type is
characteristic of the higher and more gentle gradient névés on the Juneau Ice
Field. The primary and secondary types may be confused when they co-exist in
any one firn-pack, However, they are not genetically alike. For application
to the two dimensional (end-or) view of a distinct homogeneous horizontal
zone, use of the general term stratification band is made, - (or more specifi-
cally, primary stratification band or secondary stratification band, whichever
the case may be,)

Ncemenclature is also suggested for more precise description of the
various cross-cutting ice ieatures which develop within a firn-pack due to
sublimation or by the direct re-freezing of downward percolating melt-water.
The general descriptive heading transverse ice structures is uscd for these
features which cut across the primary stratification. Individual components
of the transverse category have been described by the writer in the 1949
Juneau Ice Field Research Project Report as "ice columns", nice lenses" and
"jice dikes". For reference to irregular forms which cannot be classified in
any of the foregoing morpholcgical categories, use of the term "ice gland" is
suggested. This would be applied in a less restricted sense than by Ahlmann,
who initially introduced the term to describe "irregular vertical belis" of
ice in polar firn in Spitsbergen. In using this term, Ahlmann retexrred only

Y
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to structures in the "ice column" category as they have bezen observed on the
Juneau Ice Field. Sharp has alsoc more recently used "ice glanc" for reference
only to "crudely shaped vertical column(s) of ice" in firn in the St. Elias
Mountains of Canada. ( If a genetic term is eventually desired for all such
features, the word "gland" would appear to be inappropriate because of the
physiological connotation--i.e. "a secreting group of cells.")

For the cross-cutting ice structure which forms by the infilling and
freezing of water in an open fricture, the term ice vein is applied. For two-
dimensional description, the term vein-ice band could be used. Because of a
significant genetic similarity to the emplacement of many veins in rock, as
well as for other reasons already discussed, this seems to be a more acceptable
wording than use of the tem "blue band", (The word vein in geological and

mining literature is an accepted term for a fissure in rock filled with de-
posited matter.)

Reference to the term depth hoar is also made to describe those irreg-
ulav, couarse-grained and sometimes cup-shaped ice crystals which often form in
A basal stratum resulting from the first persistent autumn snow fall, This is
a term originally applied by G. Seligman (1936, pp. 62--73). It has become
universally accepted in English-speaking countries. The alternative word in
German is "Schwimmschnee", a term originally suggested by W. Paulcke. The
translation is desirable since this term is emplnyed in the reports of the
Federal Institute for Snow and Avalanche Research at the 'ieissfluhjoch, Davos,
Switzerland., It is analogous to the German word "Schwirmsand" (quick=-sand) and

refers to the material as a whole. It is best described as an aggregate of
old, coarse and granular snow of very low cohesion which is partially (or even
completely) composed of depth-hoar crystals. For reference to an individual
crystal within such an aggliomeration, the Swiss Institute uses the word "Schwimm-
.schnee- kristalle", In English, these are depth hoar ecrystals. Actually, at
the Swiss Institute, an individual "Schwimmschnee" c¢rystal is considered similar
to, but not exactly the same grain shape as, the depth Loar type (Fe) which is
describec in the most recent International Snow Classification as the final
stage in constructive metamorphosis of new snow. Depth hoar strata are of

lower density than other parts of the snow-pack. This fact, together with the
grain characterictics and their basal stratigraphic position in any one anrmmal
snow-packx  makes them a most useful criterion for identifying late summer
ablation horizons,

In discussing annual ablation levels in a firn-pack, for reasons already
mentioned, the general term annual dirty layer is used for reference to horizons
characterized by the typically thin layer of annual summer dust. For less
explicit time reference, as in the case of periodic dirty horizons which do not
represent annual increments, the unqualified term dirty layer is applied. Where
there are two or more superimposed layers, the term multiple dirty layer is
used, or multiple anmual dirty layer if the horizon is known to represent more
than a single budget year. If a solid layer of dirt is encountered which has
some measure of continuous thickness (for example, volcanic ash), it could be
called a dirt seam, as has been suggested to the writer by W. V. Lewis. This
concentrated occurrence, however, is not usual on the Juneau Ice Field. An
annual dirty layer is best differentiated in the firn-pack adjacent to metamor-
phic or sedimentary rock outcrops which break down easily into fine material
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vwhich in turn can readily be picked up by the wind. Such a layer often lies
Jjust below a depth hcar stratum and is sometimes undulated where the surface
has been significantly pitted by the influence of outcropping ice structures
or by suncupping. The term dirt band is restricted to the outerop or surface
trace of such a layer as seen in truncated exposure on a sloping surface or

a vertical crevasse wall., In cases where dirt is exposed cross-sectionaliy,
not as a distinct band but rather as a hazy and often intermittent and
irregular zone, the term dirty zone is used.

In the field cne often observes that annual dirty layers, dirty zones
and undifferentiated annual ablation horizons grade and even merge horizon-
tally one into another. When the dirt thins out or is not otherwise present,
further characteristics must be found for proper recognition of an annual
horizon. These will be discussed in the report of the 1951 summer season
of this Project. :

In many cases, not only does the presence of muchk dirt help to
accentuate the pattern of stratification banding but it also may become a
locus of internal weakness for subsequent englacial fracturing. The structure
so formed, however, is still genetically an innate part of the glacier mass
involved, with the dirt remaining only as a corollary characteristic. On a
descriptive basis, where a distinct fracture is characterized by the strong
presence of a dirt seam or dirty zone, it would seem best to use qualifying
ad jectives such as "debris-entrained" or, if a minimum amount of dirt,
simply to describe it as a "dirty'"fracture (or "dirty thrust surface" and so
forth, depending on the specific type of fracture involved).

3. Density Determinations in the Firn and Snow

Representative density profiles were obtained in the Takxu Glacier
firn-and snow-paclt. during this summer. The data are listed in Appendix E,
with representative plotted values shown in Figs. 8 and 1l. These may .
be correlated with the 1949 profiles at Camp 10A and with records subsequen-
tly obtained in 1951 and 1952 at Camp 10B. For future reference, the August
density profile is considered to be most representative. The similarity of
its plotted curve with that based on data obtained at this same elevation
in August 1949 is of interest. The annual densification of the previous
two years of retained firn is also well shown by the 1949 and 1950 compara-
tive profiles. The increase in bulk density of the retained firn above the
1946-L7 ablation surface in the intervening 12-month period was approximately
11 per cent.

The density was measured at L4- to 12-in. vertical intervals in Pits
A and C. The coring equipment employed in this work is illustrated in Fig.0.
Dimensional details are noted in the sketches since there are important
differences in the several types of corers used which must be considered in
listing and interpreting the original records. Detailed comparisons tetween
mid-summer and late-summer records are difficult to make because the vertical
profiles, although at the same elevation, were not taken at exactly the same
gite. A herizontal distance of even a few feet may result in local variations
in accumulation causing differences in the resultant records. These differ-
ences are especially noticeable when one traces out any given firn stratum
on the walls of adjacent crevasses. As ablation proceeds during any summer
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season, of course, the progressive exposure of deeper snow in general creates
a denser surface. As an aid to interpretaticns, the approximate densities

in grams/cm.3 of surface snow in representative periods during the summer are
noted here.

Last week of June 0.Lh Last half of August 0.52
First half of July 0.46 First week of September 0,54
Last half of July 0,.8 2nd week of September 0.56
First half of August 0.50 1950 summer average 0.50

L. Stratigraphic Feaures

At several sites, a record of the sequence of ablation levels and
intervening horizontal ice strata was obtained in pits to a depth of 29 ft,
and to a depth of LO ft. on the walls of crevasses. In Figs. 8a and 8b the se-
quence of ice strata at 10B is diagrammed through each firn segment since the
budget year of 1943-Ll. Differences in the stratigraphic thickness of the
individual firn increments for corresponding years in each plot are attributed
to local variations through surface irregularity at the time of initial snow
deposition. The periinent stratigraphic records may be referred to in Appendix D.

An abundance of transverse ice structures of various sizes and dimensions
have been described and the mechanism of their formation discussed in the 1949
report of this project. Although it was determined in 15L8 that they were
essentially the result of re-frozen melt-water vertically percolated along
selected channels, a further study of their distribution and genesis as related
tc glacio-thermal regime has been carried forward. A report on these investi-
gations is being prepared for subsequent publication. The physical nature of
several of the sub-perpendicular "ice columns' and "ice lenses" is shown in the
lower right-hand corner of the columnar sections in Figs. 8a and 1ll. They were,
however, much less well-developed in the 1949-50 snow than they had been in
the previous year. Only a few remnant stumps were retained below the 3800-ft.
contour on the Taku and neighboring glaciers since the annual snow-cover was
almost completely ablated away by the end of the summer.

Yearly variaticns in abundance and distribution of the transverse
structures are of interest as well as some practical significance. When they
occur in quantity, they have a pronounced effect on the channeling and storage
of mobile water in the firn. Taken in association with horizontal ice strata,
cross-cutting features increase the resistance of a firn-pack to compression
and, of course, once exposed in any abundance, help to form a rough surface.
This is of concern in the transport of oversnow vehicles and in travsl by foot
or ski. Ice columns particularly are seldom exposed in the névésasbove 5000 ft,;
however, if formed in any quantity in the previous spring, they are usually
well-exposed on the lower elevation surfaces before the middle ¢f July. Sur-
viving traces may occasicnally be identified on the glacier surface far down
valley and well into the zone of wastage. This suggests that their presence
contributes to the development cf rough ice surfaces below the névé line.

———
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Ce The Transmission and Storage of Unfrozen Water in Firn

To supplement the late summer melt-water studies made in 1949 at Camp 10A
(J.I.R.P., 1952), a similar program was initiated in early summer, 1950, at
Camp 108, Since this site was much nearer the center of the glacier and
consequently less inliluenced by the ground climate on adjacent nunataks, it
was considered to be morc representative of prevailing conditions on the
upland névé. The 1949 investigations indicated that effective horizontal
transmission of unfrozen water in the firn was erratic and difficult to
measurc except near the surface. Vhere it was measured, it was found to be
always less than 10 per cent of tle contemporaneons vslume of vertical per-
colation, 1In this season, emphasis was therefore placed on measurements
of the downward component.

l. Objective of Stndy

The primary objective was to investi~zate effects of the gravity
transfer of freely-moving water, especizlly on the metamorphusis of the fiin—
pack into and through which it passed. A particular aspect of the siudy was
related to the genesis of the several kindes of ice structures which have
been mentioned in the previous section of this report. It was also desired
to obtain further information from which an estimate could be made of the
ratio between the water equivalent of gross atlation (absolute lowering of
the snow surface) and that of the net ablation loss occasioned by direct
percolation into crevasses and eventual runoff via subglacial drainage
channels. Thirdly, it was important to the analysis of the glacier's anmal
budget to determine, if possible, what percentage of percolation coming
from surface ablation results in a net gain in bulk density of the lower
firn iayers. 1In some glacier regions, this factor can be of considerable
economic concern since it relates to the water storage capacity of a firn
field which can be the source of year-around drainage from subglacial outlet
streams. This type of study can, therefore be of considerable interest in
hydro developments of various kinds.3

2. lethod of Measurement

In order to record the volumetric rates of vertical percolation, a
series of funnel-shaped receptaclc= of the form and dimensions shown in
Fig. 10b were employed. For this purpose, 12-in. (30,5 cm,), circular-
topped Brookins Service Station funnels were used. These have a horizontal
area of 113 scuare in. (730 em.2). (Stock funnels for use are available
from Balkrank, Inc., Cincinnati, Ohio.) The necessary modifications and
attachments for this equipment wers constructed by Vi. F. Lossing, who also
made the density corers used by this expedition. Design of the percolation
pans was based on similar models constructed for the i9L9 field program
by R. Von Heune.

3For example, in the Canton of Valais, the Swiss Government is at the present
time pushing forward a 1S-year plan to use 20 glaciers as sources ot hydro-
electric power. The objective is to tap a steady source of englacial water
and transfer it by a system of 80 miles of tunnels into a huge dam at
Cheilon., A similar project has been envisioned by Electricité de France,
using waterr from the lier de Glace at Chamonix.
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To the lower end of each funnel, a brass fitting was attached for
coupling a L-ft. length of 7/16 in. (outside diameter) natural rubber tubing.
The top of the funnel-type pan was protected by a circular, coarse-meshed
brass screen to prevent snow from packing into the drainage channel. Inside
the funnel, at its lower end, a small fine-mesh screen was inserted so that
ice particles could not clog the outlet where the tube was attached. At the
top of each funnel and above the level of the coarse screen, teeth were cut
to permit the pan to be pressed into the firn for good contact with a minimum
of disturbance. The funnels were gently rotated upward into the ceiling of
rectilinear recesses cut horizontally 3 to S ft. into the walls of pits dug
for this study. In each case, the drainage tube leading from the brass
fitting was extended along the bottom of the recess at a sufficient angle to
permit the ready flow of water. The lower end of the tube was inscrted intc
the covered top of a collection container as shown in Fig. 10b., The recess
was then filled with well-packed firn to insure that the pan would remain in
position and to prevent abnormal melting of the overlying firn by any circula-
tion of air in open spaces. In those instances where the horizontal flow
component was to be measured, an =longated, shallow, box-type pan (2-3/L x 9
x 12 in.) was used., This pan had a closed top and an open back of 25 square
in. (160 cm.2) cross-sectional area. A low-angled, V-shaped bottom permitted
the drainage of water into an outlet nozzle at the base of the closed end.

It is believed that these were probably too small to obtain truly represen-
tative readings. For future detailed records of horizontal flow, it is re-

commendg? that the dimensions of the open end be at least 3 x 15 in. (about
300 cm.<).

The accessory equipment used in this work is also shown in Fig. 10b,
In Figures 11 and 12 the arrangement of pans inserted in the Camp 10B firn
in July and August, 1950, is shown. In these diagrams, the relationship of
horizontal and transverse ice structures is also indicated as well as the
specific gravity ¢ the firn to the maximum recording depth. (For the

specific gravity profile corresponding to the pan distribution shown in Fig.l2
refer tc Fig. 8b.)

The record of percolation rates is given in Appendix F. The value of
these data is materially increased by the availability of the further records
from the 1949 sumier szason. It is also helpful to have available a similar
record and analyses obtained in 1949 and 1950 from the Arctic Institute of
North America's expedition to the 5600-ft. Seward Glacier Névé ir the St.Elias
Mountains, to the northwest. The glaciology team on the Arctic Institute’s
project employed similar equipment and methods for collecting melt-water data
so that their results can be readily compared with those from this project.
(Leighton, 1949; Sharp, 1951, pp. 2L6-253).
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For specific reference, the position of the percolation pans and pertin-

ent data concerning these records obtained in the Taku Glacier firn in 1950 are
tabulated in Table 1V,
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Table 1V

LOCATION OF WATER PERCOLATION PANS IN THE TAKU GLACIFR FIRN®

Position of Top

of Pan Below July
18 Surface (cms,)

(Camp 10B), 1950

Superjacent Ice
Structures

Pit A - Continuous record, July 1L to July 27.

Placement and
Pit Walls

38.1

7847

-165,1

254.0

2L3 8

327.7

13 cm.below a 9 nm. 1L July at 1920,

ice stratum

Firn above, with

ice lenses

Firn above

Top of pan just

below 37 mm, ice
stratum and in icy

zone

Top of pan just

above 37 mm, ice

stratum

Firn above

on East wall

15 July at 1000,

on North wall

15 July at 1800
on East wall

16 July at 1400,

on East wall

17 July at 1630
on South wall

17 July at 1730
on South wali

Note: at 1030 on July 21, pan No., VI was moved

76 cm. to left but at same level.

New location

was under ice stratum at pan No. IV but 7h cm.
below this stratum.

327.7

*See Figs. 11 and 12.

Directly under a
sub-vertical ice
column, 20 cm. in
diameter and 76 cm.

high,

18 July =t 2115
on South wall

Remarks

Density at
contact, 0,48

Density at
contact, 0,51

Density at
contact, 0.50

Density at
contact, 0.54

Density at
contact, 0.5hL

Jce stratum
above pan
No.IV lensed
out into firn
above pans VI
and VII and
reformed again
farther west

¢)
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II., Pit C - Intermittent r

Position of Top of
Pan Pan Below July 30

-30-

esord, July 29 to August 25,

Superjacent Ice Placement and

No. Surface™ (cms, ) Structures Pit Walls Remarks
VIII L0.6 In firn 29 July at 1930 Density at
on Sou’h wall contact, O.U45
VIIIA 114.3 In 25 mm, ice Re-placed 18 Density at
stratum of Aug. at 1830 on contact, 0,91
coarse-grained South wall;
crystals 66 cm, below
Aug. 18 surface
IX 182.9 In firn 29 July at 1930 Density at
on West wall contact, 0,59
X 304.8 In firn, just 30 July at 1300 Density at
under coarse- on East wall contact, 0.62
grained 25 rm. Both ice lenses
ice lens and 13 cm. fairly well
below a 50 mm, covered area
coarse-grained ice over pan
lens
XH 304.8 In firn 25 Aug. at 1830 Density at
on South wall contact, 0.63
(horizontal
component pan)
XT L82.6 In firn, 13 cm. 30 July at 1510 Density at
below a 25 mm. on West wall contact, 0.67
ice stratum
XII S9k.L In firn, just - 30 July at 1730 Density at

below a 25~50 mm. on East wall
ice stratum

**For depth below Augnst 29 surface, see Appendix F-II.

contact, 0.80

f‘.
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Detailed interpretation of the records is not attempted in this report
since the analyses are being prepared for later presentation. 7Tt should be
noted, however, that the position of Pan No, VI in Pit A was shifted, after
four days in its initial position, 76 cm. to the left (to position VIA
Fig. 11), so that it rested 7L cm. beneath the prominent ice Stratum at the
level of the top of Pan Ho, IV. It is of further importance to the analyses
that Pan No. VII rested dircctly bLeneath a 20-cm, diamcter ice columsn.

Pan No. VIII was moved from its inital position in the surface snow of

July 29+h to a new position 65 cm. below. Its top was pressed into the base
of a coarsely crystalline ice stratum (Pan No. VIIIA). The position cf a
horizontal component pan {X-H) is noted in Fig. 12. Supplementary notes on
pertinent firn and meteorological conditions at the observation site during
the period of record in Pit A are provided in Appendix G. The periodic
records of vertical percolation at each site, in terms of cubic centimeters

of water over a given period of time, may be referred to in Appendices F-I
and F-1IT,

In the final analyses, the three~hourly synoptic meteorological
records for 10B during the observation period should be reviewed., Supple-
mentary to these are the ambient surface temperature records in the katabatic
air layer up to 36 ft. above the névé., (See Section IX-B) The relationships
are best illustrated by histogram plotting of the flow data for each day of
record. A preliminary study of the nature of the graphed results shows that
there was a significant volumetric increase in water percolation at times
of heavy and contimious precipitation as well as on clear days when melt-
water generation was above normal.

3. Conditions of liobile and Static Water

When analyzing the data in Appendix F, it must be kept in mind that
the measured flow rates represent, in part, surface snow melt-water ang,
in part, rain water which fell at the observation site. The differentiation
may oe partially assessed by the review of contemporaneous meteorological
conditions., A preliminary study of the percolation records indicates that
tliere was a very effective downward migration of water which partially
accounted for variations in position of the water table as observed in the
bottom of crevasses. (See Table V) The daily peak of downward percolation
at the level of the bottom recording pans was usually several hours later
than in those emplaced near the surface. The significance of this time lag
and its comparison with conditions observed in other seasons of record is
heinz discussed in the final report.

As in 1949, the flow was found to be predominantly vertical. There
was some obstruction to the downward transfer imposed by the presence of
horizontal ice strata. The 37 mm, ice stratum above Pan No. IV, for example,
and the 25 mm, ice stratum above Pan No. VIIIA proved to be fairly effect-
ive barriers to the downward percolation, although in each case, some flow
was recorded below them. This was probably due to the fact that these
strata consisted of fairly coarse ice grains with intra-crystalline sutures
through which some of the water could pass, Horizontal flow above such
horizons was not detected, but this may have been due to an ineffective
measuring technique rather than to an actual dearth of freely moving water.

i T N s
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Bventually, the impounded water did pass to lower levels, some of it probably
also moving laterally to places where the ice strata thinned out into firn.
The superjacent ice stratum over Pan No. IV lensed out tc the westward so that
only firn existed above Pans Nes. V and VI.,.. This may account for the simil-
arity of flow readings irn Pans MNos. V and VI during and shortly after perlods
of prolonged and heavy rainfall. (See Fig. 11 and Fig. 16)

It is noted that if surface firn temperature conditions under atmos-
pheric changes had suddenly dropped below freezing, the water which filled
interstices in the firn overlying the impermeable ice strata would have
frozen in place., Thus, the ice strata involved would have become materially
thickened., This condition undoubtedly occurs during the late spring. In the
period of observation, however, there was no such apparent local increase in
density except that which could ncimally be explained by the continual process
of compaction. From July to September, the Tirn conditions were isothermal so
this situationwas to be expected.

There was a remarkable consistency in the ratio of freze water at several
levels in the firn even though in the recording period considerable variations
vere noted in the volume traasfer of water. The problem would seem to be one
involving the steady state of an open system which is independent of time.

(See Strahler, 1952) In order to test the ratio of unfrozen water retained in
interstitial spaces in the 1349-50 firn-pack,. the following efforts were made.
The non-calorimetric method, referred to in the report of the 1949 field season,
was employed. It is believed that the use of a wider-riouthed thermos flask
provided soine improvement and a reduction in instrumental error. Fer comparison,
a standard calorimetric technique was also used. Brief details of each method
and bibliographic references for future use are given in Appendix U.

The non-calorinetric method requires further experimental laboratory
testing before its basic formula can be reliably applied for refined measurements.
However, the average resulis obtained from a number of determinations compare
favorably witi. those by a calorimetric techniqve. Samples of firn were tested
only at Camp 10B., The ratio of unfrozen water in surface firn ond in a firn
stratum at depths of 12 and 2L in. is indicated below for several days of record.

hThe practical calorimetric technique spplied by the Cooperative Snow Investiga-
tions of the U, S. Veather Bureau and the Army Corps of Engineers is also
mentioned in the appendix for possible future use of this project. This method,
based on techniques employed bty the U. S. Weather Bureau and the Pennsylvania
Water and Pover Company, is described in a mimeographed Operation manual of

the Snow, Ice and Permafrost Research Zstablishment. The irstructions have been
drawn up for personnel with limited experience. It is cautioned, however, that
in all these methods the bLest results zan only be obtained by persons who estab-
¥sha definite and routirc-like operational technique and who acquire a more
than casual experience witnh the procedure.
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Free-Water Ratio Test in 10B Firn, 1950

Non-Calorimetric Method

At 12 in. At 24 in,

Date and Hour At Surface,§  Sp.Gr. Depth, % Sp,Gr. Depth, Spl.Gr.

26 suly, 1600 (1) 33 0.7 (1) 22 0.7 -- o
(2) 28.5 00’47 (2\ 20.5 00&7 e .

29 July, 1500 - - (1) 19* 0.U6 -- --

== - (2) 22% 0.46 o ==

29 July, 1900 (1) 20 0.48 (1) 25 0.L6 (1) 22 0.50
(2) 22 0,48 (2) 20 0.46 (2) 20 0.50

3 Sept.,1130 (1) 35 0.55 -- -- - --
(2) 37 0.55 (after heavy rain)

It is of interest that the variations noted above are not great.
Buring the period of observation on July 29th, there was a completely overcast
sky, a below-average ablation condition at the névé surface and heavy rainfall
(Ooh in. between 1300 and 1900). In this case, the effect, if any on the
measured free-water percentages by the downward flushing of rain water is not
clear. A similar ratio, however, was indicated for the 12 in. depth on
July 26th, a day on which percolation water was dominantly the result of
ablation rather than rainfall. The surface firn on this date had a slightly
higher water content. On September 3rd, the free-water percentage was slightly
higher after another period of heavy rainfail. In this case, somewhat denser
firn was involved. Surface tension might be expected to be a more eflective
agent in retaining water in the interstices of denser firn due to the more
closely packed nature of the crystal aggregate.

In the field test, a fair agreement was found between the results
obtained with the calorimetric and non-calorimetric methods. It is probable
that the variations from the imean of these results are largely within instru-
mental and personal errors. These data are only of the most brief nature;
however, from them we have an indication of the amount of free-water in the
surface of typical summer firn., Free-water measurements taken at corresponding
levels in the anrual firn-pack in August, 1949, show an upper limit of 36 per
cent of unfrozen water as compared to 37 per cent in 1950. Even though the
methods used in these detlerminations may not give absolute accuracy, it is of

interest that the maximum water content measured in these two seasons is in
such close agreement.

*The corresponding ratios by the National Research Council of Canada's re-
commended field calorimetric method were (1) 15 per cent and (2) 20 per cent
at this level.
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The ratio of unfrozen water retained in air bubbles in deep glacier
ice on the Taku Glacier was also studied. The results will be discussed by
Bader and “Wasserburg in their final report on the crystal fabric investigation
of core samples obtained in the drill holes at Camp 10B. For a review of the
nature and significance of this type of research, refer to Bader, (1950),

h. Variations in the Firn Water Table

On each summer expedition since 1948, water has been observed impounded
in the bottom of crevasses at various elevations from the <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>